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INTRODUCTION 
Ripening disorders in fruit of the tomato, Lvcopersicon esculentum, 
have been a serious problem to both growers and processors. These 
disorders reduce acceptability and quality. The failure of fruit to 
ripen uniformly was first recognized as a problem in greenhouse tomato 
production. More recently, ripening disorders have become recognized as 
a defect in field-grown tomatoes. Losses of 10 to 20 percent of the 
crop due to poor ripening are not uncommon. Losses of over 50 percent 
have been reported. 
Descriptive accounts of ripening disorders appear in the literature 
under several names, including internal browning, vascular browning, 
cloud, graywall and blotchy ripening. It is possible that these disorders 
are merely different levels of intensity with a common physiological 
basis. The exact cause or causes of the disorder have not been definitely 
established. Several environmental factors and strains of virus have been 
shown to influence the incidence or severity of the disorder, although 
results of similar studies have been conflicting.^  The distinguishing 
feature of all described disorders is the incomplete development of red 
pigment in the pericarp. The affected fruits studied in this experiment 
resembled those previously described in studies of blotchy ripening. 
Varieties of tomatoes have responded differently in severity of 
ripening disorders when grown in a similar environment. This is an 
indication that genetic factors may be involved. One of the main objectives 
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of this experiment was to estimate and evaluate the heritability of 
resistance to blotchy ripening. 
It is possible that the increasing occurrence of ripening disorders 
could be due indirectly to characters that have been changed through 
breeding programs. Increased fruit size and firmness are two characters 
generally desired in a modern tomato variety. A study of the relationship 
of these characters to blotchy ripening was believed relevant to genetic 
test results. 
Two apparent characteristics of blotchy ripening are the lack of red 
pigment and toughness of the affected tissue. The nature of this tissue 
was assessed through comparative analysis of affected and normal areas. 
Attention was given to the incidence of blotchy ripening in developing 
fruit in progenies of selections displaying low and high degrees of 
blotchy ripening. 
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REVIEW OF LITERATURE 
Bewley and White (I) in an early study of ripening disorders in 
tomato fruits, distinguished "true blotchy ripening" from other ripening 
disorders. On fruits affected by this disorder, the blotchy areas were 
described as not confined to the shoulder of the fruit, but arising in 
any position. There is no abrupt line separating blotchy and red areas; 
the colors merge gradually. The vascular bundles are sometimes brown 
and necrotic in the blotchy areas. Histological sections through a 
necrotic bundle showed the presence of gaps or canals in the parenchyma 
bordering the bundle. 
Bewley and White also reported seasonal and varietal differences in 
the incidence of blotchy ripening. The symptoms were most severe during 
the months of June and July. Fruits ripening in September and October 
were occasionally completely free from blotchy ripening, even though these 
plants may have shown 45 percent blotchy fruit early in the season. It 
was also noted that a certain amount of varietal susceptibility to the 
causes underlying blotchy ripening undoubtedly existed. However, no 
variety studied remained consistently free from the disorder. 
A frequent association of blotchy ripening with unhealthy and starved-
looklng plants was observed suggesting nutrient deficiencies as a cause of 
the disorder. It was concluded that blotchy ripening is the result of 
deficiencies of potash and nitrogen, particularly potash, and that a 
deficiency of phosphorus has little effect. 
Seaton and Gray (16) studied the anatomy of the pericarp from blotchy 
and normal fruits. Blotchy ripening was believed related to the withdrawal 
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of water from fruit during those periods of excessive transpiration that 
occurred 2 to 5 days before the fruit ripens. Deficiencies of potassium 
and nitrogen, as suggested by Bewley and White, were considered secondary 
and occasional. It was evident to these investigators that blotchy 
ripening is closely associated with the breakdown of the parenchyma near 
the vascular bundles in maturing ovary walls. Seaton and Gray stated 
further, "that some physical force is operative in bringing about the 
conditions antecedent to blotchy ripening is also strongly suggested. 
Moreover, the very location of the affected tissues indicates that a 
strong pull, exerted through the vascular system upon the normally large, 
turgid, thin walled, delicate parenchyma cells between the bundles and 
connecting veins of the fleshy layer, results in their rupture and 
distortion." 
Conover (3) reported a high incidence of vascular browning in Florida 
during the winter growing season of 1948-1949. This season was exception­
ally favorable for tomatoes: vine growth was heavy and exceptional yields 
of fruit were reported. However, losses from this disorder were estimated 
at from 10 to 20 percent. Losses in some fields were as high as 70 
percent. The incidence of vascular browning was noticeably less with the 
approach of spring. In general, the distribution of affected plants in the 
field appeared to be at random. All commercial and experimental varieties 
developed internal browning. The condition occurred with all fertilizer 
practices, including copper, zinc, and manganese foliar sprays. The only 
consistant observation was that vascular browning was usually more severe 
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where vines were luxuriant and the fruit heavily shaded. Repeated 
microscopic examination and attempts at isolation failed to reveal the 
presence of a pathogenic organism. 
Severe outbreaks of internal browning in New Jersey from 1946 
through 1949 were reported by Haenseler (5). He observed prominent stem 
scars on infected fruit. The pedicel attachment was frequently reduced 
in area. 
Haenseler observed that all fruits on one cluster generally showed 
the disorder or that the losses could involve a majority of the fruit on 
a specific plant. Occasionally only one fruit per plant was affected. 
A very significant characteristic of the disease is the tendency for the 
plant to recover as the season progresses. The individual affected fruit 
never improves but plants which yield severely diseased fruits during the 
early or mid-season may bear apparently normal fruits thereafter. 
No consistent foliage symptoms seemed to be associated with the 
disorder. No correlation was found between the Incidence of Internal 
browning and nutrient levels, minor element deficiencies, or toxic 
materials in the soil. 
Investigation by Holmes (7) disclosed evidence that internal browning 
in New Jersey was associated with the presence of unusually severe strains 
of tobacco mosaic virus in the affected fruits, although there was not 
consistent correlation with foliage symptoms. In the same area, a reser­
voir of similar strains of the virus was found in species of plantains, 
most commonly Plantago rugelli Dene. Close association of diseased 
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plantains and the first tomato plants to become Infected seemed to Indicate 
Initial Infection of the crop plants from these weeds. Experimental lines 
of tomato, derived from those resistant to mosaic, proved relatively 
resistant to known strains of tobacco mosaic virus and were not affected 
by internal browning in the field. Adjacent rows of mosaic susceptible 
plants showed a high Incidence of internal browning, 
Stoner and Hogan (18) reported that symptoms of the Florida graywall 
are quite similar to the symptoms describing internal browning and vascular 
browning and believed the conditions observed were the same. Microscopic 
examinations of field plants bearing graywall fruit failed to disclose any 
visible organism. No association of graywall in Florida could be made with 
Plantago species as found by Holmes in New Jersey. 
Six plants producing graywall fruit in the field were examined for 
virus by Stoner and Hogan. Three plants each of tomato, Turkish tobacco 
(Nicotlana elutinosa). squash, and cucumber were inoculated with sap from 
each of the six source plants.' A total of 270 plants were inoculated over 
a three-month period. No local or systemic symptoms were observed in any 
of the plants. The inoculated tomato plants produced 239 fruits and no 
fruit showed internal browning. Stems from the six source plants in the 
field were grafted on plants in the greenhouse. Forty-two grafted plants 
produced 191 fruits, none of which showed signs of internal browning. 
These six source plants were moved from the field to pots in the 
greenhouse. After pruning, new growth produced 15 fruits all of which 
were free of internal browning. 
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On the basis of these data, Stoner and Hogan concluded that internal 
browning or grayxfall of tomato in Florida was not due to a transmissible 
pathogen. Field observations failed to disclose any correlation of gray-
wall with climatic factors. In view of their investigations, they 
concluded that graywall of tomato in South Florida was caused by 
physiological factors, 
Raychaudhuri (13) studied the transmission of the virus that has 
been associated with internal browning. Experiments were designed to 
test the transmission of the virus by grafting. Scions were taken from 
plants producing internally browned fruit and grafted on healthy plants. 
The grafted plants showed foilage symptoms of virus infection on new 
growth from the stock but produced no internally browned fruit, 
Graywall and "thin wall" of tomato fruits was studied by Lorenz and 
Knott (11), Abnormal ripening was found to be associated with two 
distinct characteristics of the pericarp. The pericarp from some areas 
that did not ripen were as thick as pericarp in normally ripened fruit. 
In other instances, the abnormal ripening occurred in zones where the 
pericarp was unusually thin. The "thin wall" characteristic was traced 
to the region of the fruit exposed to the greatest light intensity. Heat 
accompanied this light effect. Exposed outer walls of a fruit often 
reached temperatures of 115 degrees F,, whereas the shaded portions were 
10 to 20 degrees cooler. They hypothesized that the heating of the 
exposed portion results in an outward movement of water from exposed wall 
tissues. Cell enlargement thus fails to take place, with the result that 
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at maturity the exposed side of the fruit has a thinner wall than the 
shaded side. 
Murakishi (12) studied the effect of light intensity and tobacco 
mosaic virus on the incidence of graywall and internal browning. He 
states "distinguishing graywall from internal browning by symptoms was 
not possible with any degree of certainty," Graywall was Induced by low 
light intensity in tobacco mosaic virus-free plants. Internal browning 
was caused by late infection with a strain of tobacco mosaic virus. Low 
light intensity in conjunction with tobacco mosaic virus infection also 
increased the incidence of internal browning. A difference in response 
to treatment was also found among varieties. There was a correlation 
found between the reactions to tobacco mosaic virus and to the incidence 
of internal browning. 
Boyle and Wharton (2) observed a negative correlation between the 
early appearance of foliage mosaic symptoms of field-grown plants and the 
ultimate appearance of internally browned fruit. In subsequent greenhouse 
tests, 40 young plants inoculated with one isolate of tobacco mosaic virus 
produced no internally browned fruit. Only 2 of 40 plants Inoculated with 
two isolates of tobacco mosaic virus produced fruit with internal browning. 
Twenty-three of the uninoculated check plants showed the disorder. 
In a field experiment the following year, Boyle and Wharton found a 
significant increase of internal browning in plants Inoculated with 
different isolates of tobacco mosaic virus as compared with control plants 
that were virus free. 
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It was concluded that internal browning is a shock reaction, a 
direct result of late tobacco mosaic virus infection, with virus 
accumulation in certain of the fruit where there is a hypersensitive 
host response. No correlation was observed between rate of fertilizer 
application and internal browning nor between spray application and 
internal browning. 
Wharton and Boyle (21) examined microscopically those areas of 
normal and affected fruit. Their observations, in general, are in 
agreement with those of Seaton and Gray. The most noticeable internal 
disturbance in affected tomato fruits was a discoloration and collapse 
of the large thin-walled parenchymatous cells involving areas of varying 
size. Cell collapse usually was found surrounding a vascular bundle but 
4 or 5 cells away from the bundle itself. The necrotic areas surrounding 
the bundles often were joined by strands of collapsed cells. In the 
outer fleshy pericarp these strands usually were found parallel to the 
fruit surface. In some fruits the necrotic and collapsed tissue lay 
midway between adjacent bundles. Microscopic examination of the vascular 
bundles revealed no necrosis. There was no statistically significant 
difference between the bundle diameter of diseased and healthy fruits. 
They stated that the "yellow discoloration on the surface of the diseased 
ripe fruits is caused by the failure of lycopene to develop in these 
areas." Two possible explanations for this lycopene failure were 
presented; (1) substances diffuse away from the browned area and inhibit 
lycopene formation; or (2) collapsed tissue may interfere with the normal 
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translocation of metabolites that are necessary for the production of 
lycopene. The yellow color of the blotches is due to carotenoid pigments 
that have been present in the fruit since early in its development but 
that were masked previously by chlorophyll. 
Rich (14) tested the importance of virus alone and the Combined 
effects of phosphorous and potassium soil applications and virus 
inoculation on the incidence of internal browning. Plots that were virus-
inoculated showed significantly more internal browning than non-
inoculated plots regardless of fertilizer treatment. Virus-inoculated 
plots receiving potassium fertilizer had significantly less internal 
browning than all other virus-inoculated plots. Rich stated that "at 
least two portions of the 1957 data are in apparent contradiction to the 
shock-reaction theory of Boyle and Wharton. The last set of fruit had 
the most internal browning, yet these clusters were at early flower or 
younger when the plants were inoculated. Boyle and Wharton Indicated 
that, in order for the virus to produce internal browning, the cluster 
to be affected must be older than early flower when the plant is 
inoculated. The second apparent contradiction to their shock-reaction 
theory is suggested by the 'skips,' i.e. plants that had internal browning 
in a cluster, followed by pickings with no internal browning in a cluster, 
then showed internal browning again in a later cluster." 
Taylor, Smith and Fletcher (19) studied the influence of high soil 
moisture combined with mist on the incidence of internal browning on 
greenhouse tomatoes. In addition, the possible effects of soil compaction 
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and form of nitrogen on the incidence of the disorder also were 
investigated. Twenty-four percent of the fruit harvested from the high 
soil moisture plus mist plots were affected by internal browning. Less 
than 2 percent were similarly affected in the low soil moisture plots. 
The source of nitrogen and soil compaction treatments failed to exhibit 
any relationship to internal browning. Organic and inorganic analyses 
performed on leaf and fruit samples revealed that fruit from the high 
moisture plus mist plots were 31 percent lower in reducing sugars than 
fruit from the dryer plots. Also, it was found that plants producing few 
internally browned fruits and fruit with relatively high reducing sugar 
content also were characterized by a distinctly higher boron content in 
the leaves. 
In a second experiment testing the effects of combinations of nitrogen 
and boron, Taylor et al. found a significant increase in the incidence of 
internal browning associated with low nitrogen in combination with low 
boron. A high incidence of the disorder also was found with low nitrogen 
and high boron. However, the incidence was not significantly higher than 
that resulting from high nitrogen treatments. A correlation between the 
incidence of internal browning and reducing sugars in the fruit and leaves 
was observed. The greatest content of reducing sugars was found in the 
low nitrogen and high boron plants. The plants showing the greatest 
incidence of internal browning had the highest content of reducing sugars 
in the fruit and the lowest content of reducing sugar in the leaves ; the 
plants with the lowest incidence of internal browning had the lowest 
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content of reducing sugars in the fruit and the highest content of reducing 
sugars in the leaves. 
The blotchy areas of ripening fruits are usually tough. Because 
pectinesterase is connected with the softening of tissue, it has been 
considered that the inability of portions of a tomato fruit to ripen 
normally might be due to a lack of this enzyme. Hob son (6) reported the 
values for pectinesterase activity in normal tomato fruits at five 
different stages of maturity. These values were compared with those 
found in blotchy areas where the fruit had not ripened properly. The 
inhibition of pectinesterase activity by phenolic compounds was also 
tested as was the pectinesterase activity of plants grown with and without 
potassium fertilizer. It was found that the total pectin content of the 
fruit decreases by about one-third during ripening. Much of this decrease 
was due to a decrease in the insoluble pectic substances. Red and green 
areas from blotchy fruits contained similar amounts of pectin. In blotchy 
fruit, however, the red areas contained considerably more insoluble pectin, 
and the green regions less, than were found in normally ripening red and 
typically green fruit, respectively. In normal fruit, the pectinesterase 
activity increased as the fruit matured. When blotchy fruit were examined, 
the pectinesterase activity in the red areas of blotchy fruit were similar 
to those of normal red fruit. However, the values in blotchy areas were 
near or lower than those of normal fruit at the breaker stage of maturity. 
Analysis of fruit grown with and without potassium fertilizer showed a 
significant decrease in pectinesterase of over 40 percent for fruit grown 
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under conditions of potassium deficiency. No inhibition of pectinesterase 
activity by phenolic compounds could be demonstrated at any stage of 
maturity in normal or in blotchy tissue. 
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GENETIC EVALUATION 
Materials and Methods 1962 
Plant material 
Parental material completely free from blotchy ripening was not 
available for use in this study. Tomato breeding lines grown at the Iowa 
Agricultural Experiment Station showed some differences in susceptibility 
to blotchy ripening Indicating some genetic control. Previous investi­
gations revealed progenies of crosses using the variety Glamour as one 
parent consistently developed a high incidence of blotchy ripening. 
Glamour, itself, appeared to be relatively free of the disorder. The 
cross, Glamour X Redtpp, in 1961, had shown consistently severe blotchy 
ripening, far in excess of either parent. It was hypothesized that this 
severe expression might have reflected genetic control. Therefore, these 
two varieties were chosen as parents for this study. 
Glamour is a mid-season, crack-resistant, indeterminate variety with 
medium fruit size. Redtop is a paste tomato characterized by high total 
solids of the fruit. It is also indeterminate and mid-season in the Ames, 
Iowa area. 
The populations included in the 1962 trial consisted of the two 
parents, Glamour and Redtop, the and generations, and the progenies 
of back-crosses of the F^  to each parent. The seed of each parent was of 
the same stock as used in evaluating these varieties for breeding value. 
Seeds for the F^  population were collected from a cross made in the field 
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in 1961. A single plant was grown in the greenhouse in the winter of 
1961-62 and pollinated by Glamour and Redtop to obtain seed for the back-
cross progeny. The progeny was obtained by selfing this same F^  plant. 
All seeds were treated with Arasan fungicide before planting. Two-
inch plant bands filled with a mix of 4 parts loam, 2 parts peat, and 1 
part sand were used for growing the transplants. Three to five seeds 
were placed in each band on April 17 and later thinned to one plant. 
Plants were transferred to the field during the week of May 15. Rows 
were spaced 6 feet apart with 3 feet between plants in each row. An 
application of 10-20-10 fertilizer was broadcast prior to transplanting 
at the rate of 400 pounds per acre. Granular Dieldrin insecticide was 
spread along the row after transplanting for cutworm control. Missing 
plants were replaced within one week following planting. 
Statistical design 
The 1962 trial design included 8 replicates of 16 ten-plant plots 
in a randomized block. The 16 plots in each replicate included the six 
genetic populations, each represented in number according to the 
segregation expected. Allocation to each replicate was as follows; 
Strain 
No. of plots 
per replicate 
No. of plants 
per replicate 
BC-Glamour 
BC-Redtop 
Glamour 
Redtop 
Fl 
1 
1 
1 
3 
3 
7 
10 
10 
10 
30 
30 
70 
16 
Evaluation 
Three fruit characteristics of each sample were evaluated; the amount 
of blotchy tissue, firmness, and size. Three fruit from each plant were 
placed in bags labeled according to replicate, plot, and plant number in 
the plot. A complete replicate was harvested each day. 
Firmness and size were measured using a model 3-C ASCO firmness 
meter. This machine gave a firmness index dependent on overall firmness 
of the fruit. Values of fruit bursting under the pressure of the machine 
were not used. Readings were taken using 1500 grams of weight on the brake 
and 1000 grams of weight on the tension. The timing device was set at 10 
seconds. 
Fruit size was evaluated by using the "effective diameter" in 
centimeters. This value was automatically registered when the fruit was 
placed in the firmness meter and is a measure of the circumference of the 
fruit measured at the midpoint between blossom and stem ends. 
The amount of blotchy tissue was measured using a L.E.E. Kramer 
shearpress. This shearpress was equipped with a sample case with a 
slotted bottom. A Varian automatic recording device was used to record 
the value of each fruit sample. 
Previous studies (2,12) reported dependence on visual observations 
to place fruits affected with blotchy ripening into discrete classes. 
Measurements on a continuous scale were desired for this study. The 
shearpress was a suitable device for these measurements, because blotchy 
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tissue is tougher than normally ripened tissue. The reliability of the 
shearpress to measure toughness of tissue has been reported (9,10), 
Samples for the shearpress were taken from the outer wall of ripe 
tomato fruit. The wall midway between the stem and blossom ends was cut 
with a square U-shaped knife that removed a section equal to one-half 
the width of the shearpress case. Each sample was then cut into two equal 
lengths, so that both pieces laid side by side would cover the bottom of 
the case. This method assured samples of equal size. All samples were 
washed free of seeds and placed with the skin down in the shearpress case. 
The reliability of the shearpress in measuring severity of blotchy 
tissue in individual fruits was compared with visual observations before 
measuring any fruit involved in the genetic study. This comparison was 
done by rating 95 fruits visually after a single transverse cut as shown 
in Figure 1. 'Little of the interior blotchy tissue could be exposed by 
such a cut. The fruits were then placed into five discrete classes 
represented in Figure 2. 
The same fruits were then sectioned for shearpress analysis. These 
sections were again placed into five visual classes, depending on the 
amount of blotchy tissue revealed by the wall section. Visual evaluation 
was now more reliable because a larger portion of the interior of the 
fruit was exposed. In the second visual rating, there was little 
corroboration of original rating. Most samples were placed in higher or 
lower classifications. 
Figure 1, Cross section of a ripe fruit showing typical internal 
symptoms found in blotchy fruit. The light colored areas 
in the pericarp are due to lack of the development of red 
pigment in cells adjacent to the vascular bundles. The 
fruit is from an plant of Glamour X Redtop 
Figure 2, Cross sections of F2 fruits showing different classes of 
blotchy ripening based upon visual appraisal. Class I is 
free of blotchy tissue. Class V consists almost entirely of 
blotchy tissue. Classes III and IV contain considerable 
amounts of abnormal tissue which does not show externally 
through the epidermis 
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The sections were then evaluated in the shearpress and the values 
obtained were tabulated to compare ratings with the two visual 
observations. 
Materials and Methods 1963 
Plant material 
The second year of study was a progeny test of the segregating popu­
lations. The parents and were included as a means of estimating 
environmental variation. Seed of the parents and were from remnant 
seed of the previous year. 
After collecting 1962 data, the results were plotted in a frequency 
distribution of shearpress values. From each segregating population 
distribution curve, values were selected based upon the mode. These 
included values of 30 for the backcross to Glamour, 36 for the F^ , and 
48 for the backcross to Redtop. In addition, a low shearpress value of 
16, and a high value of 60, were chosen for test, these from the F^  curve. 
Three plants in each segregating population representing the five selected 
values were chosen for progeny tests. Care was taken to select plants 
showing relatively little variation of shearpress values of samples on 
the plant. The three plants in a given shearpress class were selected 
from different areas of the field; none were from the same plot or 
replicate. The 1963 material included 45 progenies, 3 from each of the 
five frequency distribution classes from each of the three segregating 
populations. In addition, two plots each of the parental varieties 
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Glamour and Redtop and one plot of the were planted as checks to give 
a total of 50 plots. 
All seeds were treated with Arasan fungicide before planting in the 
greenhouse. Peat pots of 1 3/4 inch square size were used. These pots 
were filled with a mix of vermiculite and peat to which ground limestone 
and fertilizer had been added. Three to five seeds were planted in each 
peat pot and later thinned to one plant. Greenhouse seeding was done 
during the week of April 15. 
Plants were transferred to the field during the week of May 18 in 
rows 6 feet apart. Plants within a row were spaced 3 feet apart. The 
field had received an application of 10-20-10 fertilizer broadcast at the 
rate of 400 pounds per acre before transplanting. Granular Dieldrin was 
used for cutworm control. Missing plants were replaced within one week. 
Statistical design 
The randomized block design included twenty replicates each containing 
50 plots of 1 plant each. The material included in each replicate is 
summarized as follows: 
Strain Shearpress class No. of entries No. of plots 
BC^ P 
BC P 
BC P 
BC P 
BC P 
I 
XI 
III 
IV 
V 
I 
II 
III 
IV 
V 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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BC P, I 3 3 
BC P, II 3 3 
BC P, III 3 3 
BC P, IV 3 3 
BC P, V 3 3 
p, ^  2 2 
2 2 
1 1 
Total 50 50 
Analysis of Data 
Heritabilitv estimates 
An estimate of genetic variance of segregating populations requires 
an estimate of within-plot variance of both segregating and non-segregating 
populations. For a given population, the sources of variation included the 
total variation, variation of replicates, and variation within the plots. 
These are summarized in Table 1. 
Table 1. Method of analysis for estimation of the within-plot variance 
for each population 
Source of 
variation 
Degrees of 
freedom® 
Observed 
Sum of squares mean square 
Total n-1 Total corrected 
(Population) 
Replicates r-1 Replicates corrected 
Within-plots z (p.-i) 
i=l 1 
2 
Total-replicates 
®n = total number of plants of the population, r = number of 
replicates, and p^  ^ = number of plants in the ith plot. 
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2 
The within-plot mean square (a^ ) of each segregating population 
2 2 
consists of both genetic variance (a^ ) and environmental variance (Og). 
2 An estimate of (a^ ) was obtained by averaging the within-plot variance 
of the three non-segregating populations. The genetic variance was 
found by subtracting this environmental variance from the phenotypic 
2 2 2 2 
variance (o^  ) thus, (a^ ) = (Op ) - (o^ ). 
"Broad sense" heritability was estimated as outlined below using 
these estimates of genetic variance. 
2 2 1 
2 \ ' : = 
Heritability (h ) = ,— X 100 = —r X 100, 
Heritability in the "broad sense" includes genetic variance due to 
dominant, additive and epistatic effects of genes. Since additive genetic 
variance is the portion contributing to breeding progress, an estimate of 
heritability based upon additive variance would be more meaningful, 
Heritability in the "narrow sense" was calculated by the following method 
proposed by Warner (20), 
Heritability = where, % 
.(1/2)D = the additive genetic component of variance of the Fg, 
and V„ = total within variance of the F„. 
2^ 2 
The term (1/2)D can be estimated as 2(Vp ) - (V^ g + ) 
where and are the total within-plot variances of the 
BCi BCg 
backcrosses of the to the respective parents. 
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Progeny test 
The total variance among plants of each population was computed. 
The variance also was estimated for each segregating shearpress class 
in each segregating population. Since each plot contained only one 
plant, the variance between replicates was the estimate used to estimate 
the variance within populations. The sources of variation for analysis 
are given in Table 2, 
Table 2. Method of analysis for estimating the variance within each 
population in the progeny test 
Source of 
variation 
Degrees of 
freedom® Sum of squares 
Observed 
mean square 
Total 
(Population) 
n-1 Total corrected 
Replicates r-1 Replicates corrected 
Withln-
replicates 
r 
1=1  ^
Total-replicates 2 
- • 
n^ = total number of plants of the population, r = number of 
replicates, and p^  ^ = number of plants in the 1th replicate. 
Correlations 
Simple correlations of the amount of blotchy tissue and fruit size, 
and of the amount of blotchy tissue and overall fruit firmness were 
computed. Computations were based upon average shearpress values and 
average "effective diameter" and firmness readings of fruit from the 
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same plant as measured on the shearpress and on the ASCO firmness meter. 
Correlations are based on individual fruits with no regard given to the 
plant population from which the fruit came. Correlation analyses were 
applied to data of each year according to the formula given by Snedecor 
(17) : r -
Experimental Results 
Shearpress rating versus visual rating 
Results of comparing two visual rating methods with the shearpress 
are presented in Table 3. When visual classification was Improved, there 
was a regularity of average shearpress values for each visual class. 
This regularity, in conjunction with the continuous scale possible with 
the shearpress, indicated the shearpress was suitable for detection of 
blotchy tissue. 
1962 Distribution data 
The frequency distributions of the six populations are shown in 
Figures 3, 4, and 5. A bimodal curve was apparent to some extent in all 
populations. The bimodal curves were more distinct in the non-segregating 
populations. The two peaks on these distribution curves are believed due 
to method of sampling and not to genetic causes. In sampling with the 
shearpress, a curve was automatically recorded on a chart. Maximum peaks 
of the curve apparently occurred when the shearing knives met the combined 
resistance of blotchy tissue and the unremoved epidermis. This observation 
Table 3. Comparison of maximum shearpress values with classifications based on observation of 
transverse fruit sections and pericarp sections 
Visual classification by observation 
of transverse section 
Visual classification by observation 
of pericarp prepared for shearpress 
Blotchy 
ripening 
visual class 
No, of 
fruit 
Range 
shearpress 
values 
Average 
shearpress 
value 
No. of 
fruit 
Range 
shearpress 
values 
Average 
shearpress 
values 
I (no blotch) 16 10-50 31.3 25 5-21 10.5 
II 28 9-76 32.3 28 7-27 18.6 
III 19 5-37 16.2 24 18-35 29.5 
IV 18 8-52 18.8 9 28-42 35.4 
V (blotchy) 14 11-34 21.7 9 41-76 51.0 
Figure 3. Frequency distributions of the amount of blotchy tissue, as 
determined by maximum shearpress values, found in 1962 in 
the fruit of the tomato varieties Glamour and Redtop 
Figure 4, Frequency distributions of the amount of blotchy tissue, as 
determined by maximum shearpress values, found in 1962 in 
the and F^  populations of the cross. Glamour X Redtop 
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Figure 5. Frequency distributions of the amount of blotchy tissue as 
determined by maximum shearpress values, found in 1962 in 
fruit of the backcross populations of the to the two 
parents, Glamour and Redtop 
Figure 6. Frequency distributions of the amount of blotchy tissue, as 
determined by maximum shearpress values, found in 1963 in 
the fruit of the F^  population and the populations from the 
self-pollinated backcrosses 
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was tested by selecting 20 fruit at random and removing the epidermis. 
When these fruits were tested in the shearpress, only curves with single 
peaks were recorded. The difficulty of removing the epidermis without 
changing the characteristics of the adjacent fleshy pericarp, however, 
made this practice difficult in handling a large number of samples. 
The frequency distribution curve of Glamour and Redtop shows the 
typical variation that has been reported in blotchy ripening material 
(Figure 3). Much of the area under each curve was common to both parents. 
However, the frequency curves do suggest small differences in a genetic 
character. Figure 4 shows the F^  and F^  populations with similar means, 
intermediate between the parents. The F^  population also was more variable 
than the F^  which would be expected in a segregating population. 
The F2 population appeared to display transgressive segregation. 
Eleven F^  plants had more blotchy tissue than any plant of the high parent, 
Redtop, as shown in Table 4. The backcross progenies also showed an 
increase in blotchy tissue over their respective parental varieties. The 
backcross to Glamour, the parent low in blotchy tissue, produced eleven 
plants with more blotchy tissue than any plant of the variety Glamour. 
The backcross to Redtop gave four plants in which blotchy tissue exceeded 
any tested in the Redtop population. 
The frequency distributions of the backcross populations are shown in 
Figure 5. Again, even though there was much variation, the distribution 
curves suggested some segregation for genetic factors. The mode of the 
backcross to Glamour fell between modes of the Glamour and the F^  
Table 4. 1962 frequency distributions, means, and variances, based on maximum shearpress values, 
of the tomato varieties Glamour (P^ ) and Redtop (Pg) and their and backcross 
progenies 
Gener- Maximum shearpress values 
ation 9 14 20 26 32 38 44 50 56 62 68 74 80 86 n X 0 
0 1 15 23 18 8 12 4 0 0 0 0 0 0 81 28,51 1,052,52 
BCi 0 0 21 45 70 41 29 12 4 5 0 2 0 0 229 31,63 908,59 
0 0 1 4 24 26 9 8 5 4 0 0 0 0 81 38,84 996,90 
2^ 0 0 17 46 113 126 93 70 48 20 6 1 4 0 544 36,47 1,255,02 
BC^  0 0 4 16 39 37 36 42 25 12 3 1 0 0 215 40,32 1,158,46 
2^ 0 0 1 12 9 11 19 15 11 1 0 0 0 0 79 39,27 1,072,04 
h^ere is no statistical significant difference among the means at the ,05 probability 
level. 
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populations. The mode of the backcross to the blotchy parent, Redtop, 
was very close to that of the Redtop population. 
Heritabilitv estimates 
A summary of means and within plot variances for each population 
grown in 1962 is presented in Table 4. The variances of non-segregating 
2 
populations were averaged to estimate the environmental variance (cr„). 
2 , 1052.52 + 1072.04+ 996.90 , 1040.48 
E 3 
This estimate of environmental variance and the total variance of 
the Fg was applied to the formula for "broad sense" heritability. 
h^  = ^^ ^^ '1255.02*°'^ ° ^  = 17.09% 
The portion of heritability due to additive genetic effects was 
estimated according to Warner's method. 
(1/2)D = 2 (1255.02) - (908.59 + 1158.46) = 442.99 
Using the value of (1/2)D and the variance of the F^ , "narrow sense" 
heritability was: 
heritability = % loO = 35.29% 
Progeny test 
The frequency distributions of the parents and progenies of selections 
made in 1962 are shown in Figures 6 and 7. The number of plants in the 
various shearpress classes, means, and variances are presented in Table 5. 
Figure 7. Frequency distributions of the amount of blotchy tissue, as 
determined by maximum shearpress value, found in 1963 in the 
fruit of the tomato varieties Glamour and Redtop 
Figure 8. Frequency distributions of the amount of blotchy tissue 
measured in 1963 in progeny of selections from the lowest 
and highest shearpress classes of 1962. Progenies of the 
F^  and of the backcrosses to Glamour and Redtop were 
pooled for each distribution curve 
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Table 5. 1963 frequency distributions, means, and variances, based on maximum shearpress values, 
of the tomato varieties Glamour (P^ ) and Redtop (Pg) and their F^ , F , and self-
fertilized backcross progenies 
Gener­ Maximum shearpres s values 
_a ,2 
ation 8 14 20 26 32 38 44 50 56 62 68 74 80 86 n X 
Pi 0 1 0 6 14 10 6 2 1 0 0 0 40 38.80 778.71 
BCPjSj^  2 18 31 50 57 43 48 24 20 4 2 1 296 38.20 1,457.57 
1^ 0 1 3 4 7 2 1 1 
2 0 0 0 0 20 37.43 1,413.88 
3^ 6 29 45 68 45 37 41 14 9 1 1 0 296 34.19 1,387.24 
5 15 33 43 67 55 32 30 11 4 0 1 298 37.07 1,376.32 
Po 0 1 4 4 6 10 10 4 0 0 0 0 39 39.06 885.63 
w ON 
h^ere is no statistical significant difference among the means at the .05 probability 
level. 
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The means of the two parents were similar to each other as shown in 
Table 5. The means of the Redtop parent in 1962 and 1963 also were very 
similar. The closeness of the parents in 1963, thus, was a result of 
fluctuation in blotchy tissue appearing in fruit of the Glamour parent. 
An increase of 26.52% was computed for the 1963 mean over that of 1962. 
This change again reflects the interaction of environment with the Glamour 
genotype. The increase was also shown by progeny of the backcross to 
Glamour. The mean of the Glamour backcross progeny in 1963 had a 17.20% 
increase over the original backcross population in 1962. The means of 
all other populations decreased in 1963. 
Table 6 presents the means and variances of progenies of selections 
from the five shearpress classes. The and self-fertilized backcross 
selections in each shearpress class were pooled to obtain the means and 
variances listed. The non-segregating populations also were pooled and 
included as checks against environmental variation. 
There was little difference in the means of progeny from the different 
shearpress classifications. The mean of the progeny of the lowest 
classification was slightly more than the mean of the progeny of the 
highest shearpress class. 
The variance of the pooled segregating populations in each shearpress 
class was greater than that of the pooled non-segregating populations. 
While there was some increase in variance in each successive shearpress 
class, all segregating populations were highly variable, and little 
significance can be ascribed to any trend. 
Table 6, Number of plants, means, and variances of pooled P^ , ^ 2» and F- populations and 
of pooled self-fertilized progenies of 
shearpress classifications 
BCJ P^2» and F2 selections from five 
Shearpress class from 1963 performance 
Populations in which 
data were nooled 
which plants were 
selected in 1962 n 
_a 
X 
*2 
^1*^2* ^ 1 99 38.63 931.22 
I (no blotch) 178 36.94 1,330.54  ^
II 11 ti II 178 34.91 1,377.26 
II It II III 179 37.10 1,499.16 
11 II II IV 177 36.99 1,513.91 
II II II V (extremely blotchy) 178 36.66 1,516.33 w 
00 
h^ere Is no statistical significant difference among the means at the .05 
probability level. 
I 
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The frequency distribution of all segregating progeny from the lowest 
and highest shearpress classes are presented in Figure 8. Although the 
means are similar (Table 6) the mode of the curve representing plants from 
the high blotchy ripening selections had a higher shearpress value than 
did that representing low-blotchy selections. It was apparent, too, that 
the high mean for the low blotchy ripening selections was due in part to 
a few plants that were very blotchy. These results suggest some genetic 
control of blotchy ripening and that selection could be somewhat effective 
in improving resistance. 
Figure 6 shows the frequency distribution of progenies of the three 
segregating populations in 1963. The means are presented in Table 5. 
Self-fertilized selections of both backcrosses revealed similar frequency 
distributions. The mode in the F^  was somewhat less than that of either 
backcross. The two backcross populations would normally be expected to 
show different modes. However, the Glamour parent and progenies of back-
crosses to Glamour showed a high degree of susceptibility to blotchy 
ripening in 1963. Such inconsistent results over years make genetic 
analyses difficult. 
Correlation of characters 
The measurements of firmness, size, and blotchy ripening were combined 
for linear correlation analysis for each year. The correlations were low 
for all characters in both years. The correlations of blotchy tissue with 
size and blotchy tissue with firmness were slightly higher in 1962 than 
40 
respective values computed for 1963 data. The values of r are presented 
in Table 7. 
Table 7. Linear correlation coefficients for the relationship of blotchy 
tissue with fruit size and with firmness based upon 1962 and 
1963 data 
Correlation coefficients^  
Year Blotchy tissue; size Blotchy tissue; firmness 
1962 + .20 + .15 
1963 + .15 + .12 
\he correlation coefficients are significant at the .01 level of 
probability. 
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HISTOLOGICAL EVALUATION 
Purposes of Study 
Although different terminology-applied to ripening disorders suggests 
different maladies, the descriptions of symptoms are quite similar. The 
initial purpose of the histology study was to compare normal and blotchy 
tissue with that of previously reported studies (16,21). The affected 
areas generally are near main vascular bundles. Size of the vascular 
bundles was compared in normal and blotchy tissue. Lateral branching in 
parenchyma cells adjacent to vascular bundles was examined. Since second­
ary wall thickening can affect cell expansion, sections were examined for 
types of secondary cell wall thickening in the vascular bundles, as 
described by Esau (4). 
Results in 1962 prompted an expansion of the histology work in the 
following year. In 1963 fruit development was studied in self-fertilized 
progenies of selections from high and low incidence of blotchy tissue 
made the previous year. 
General Symptoms of Blotchy Fruit 
External symptoms were observed in some mature-green fruit. White 
to gray areas could be seen through the fruit epidermis. These areas 
were more prominent near the shoulder of the fruit. In almost every 
instance, a major vascular bundle was within the light colored area. 
In mature, ripe fruit, external symptoms comprised yellow areas 
devoid of red pigments. No sharp edge of the yellow area was apparent. 
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Instead, the affected area gradually merged with the red color. In 
fruits only slightly affected, the abnormal areas were usually found 
on or near the shoulder of the fruit. On severely affected fruits, 
more than half of the surface was blotchy. The yellow area was 
principally limited to the stem end of the fruit. In many instances, 
this yellow area was not a continuous sheath from the stem end outward 
but was intermingled with the red to form areas, or "blotches" of 
different sizes. 
Symptoms often were found internally when the external surface of 
the fruit appeared normal as shown in Figure 1, In transverse sections 
of such fruit, the yellow areas appeared below the red outer areas of 
the pericarp. These affected zones occasionally extended to the inner 
surface of the pericarp. 
Regardless of the amount of blotchy tissue found in the fruit, one 
characteristic of the abnormal area always distinguished it from the 
normal red areas. It was consistently much tougher than the normally 
ripened areas. In all instances, the blotchy area displayed more 
resistance to cutting than did the normal area. 
Materials and Methods 
Plant material 1962 
Fruits to be analyzed were collected on September 12. Previously, 
it had been observed that blotchy areas could be detected before fruit 
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ripening. These appeared as white or gray areas, usually oriented with 
vascular tissue, in mature-green fruit. 
All samples were taken from plants. Only fruit in mature-green 
and pink stages of maturity were used. The fruits were globe shape and 
intermediate in size between that of the parents. All fruits displayed 
areas of normal and blotchy tissue. 
Fixation and staining 
The pericarp was the only area of the fruit studied. Sections of 
the pericarp approximately 1/4 inch wide were removed from the fruit. 
Sections were taken to include a vascular bundle near the center. These 
vascular bundles were the primary conducting tissue radiating from the 
stem end to the blossom end. 
The tissue was killed and fixed in Craf V solution. The sections 
were then dehydrated and embedded in paraffin wax. Serial microtome 
sections 20 microns in thickness were made so that the vascular bundles 
could be traced from the stem end toward the blossom end, 
Himalum and safarin were used as stains to distinguish between lignin 
and cellulose in the cell walls. Killing, fixing, sectioning and staining 
were done according to the procedures outlined by Sass (15), 
Plant material 1963 
Differences in size of vascular bundles and lateral branching in 
normal and blotchy tissue of individual fruits were found in 1962, The 
second study was conducted to determine if these differences could be 
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found in progenies of plants previously selected for high and low 
incidence of blotchy tissue. Fruits at different stages of maturity 
were also examined to determine when symptoms of blotchy ripening could 
first be detected. 
Fruit from the F^  progeny of selections from lowest and highest 
shearpress values were sectioned. The flowers on two plants of each 
selection were tagged for date of anthesis. The developing fruit were 
then killed and fixed at 7, 14, and 21 days after anthesis and at the 
mature-green stage. 
Fixation and staining 1963 
Killing, fixing, and sectioning procedures were similar to those 
employed in 1962, The staining was modified only by changing time 
intervals in the stains. This was necessary to compensate for the 
younger tissues. 
Experimental Results 
1962 Test 
Comparison of the vascular bundles in normal and blotchy tissue 
within the same fruit revealed different characteristics of the vascular 
bundles. The size of the vascular bundles varied in both kinds of 
tissue. In general, however, when the major vascular strands were 
compared, the normal tissue contained bundles of smaller size as shown 
in Figure 9 as compared to Figure 10. This is in agreement with Bewley 
Figure 9, Cross section of a vascular bundle in normal tissue of a 
mature-green fruit (240 X) 
Figure 10. Cross section of a vascular bundle in blotchy tissue of a 
mature-green fruit. The junction of two lateral branches 
is evident at the upper edge of the vascular bundle (240 X) 

47-49 
and White (1), who reported that the vascular bundles in blotchy tissue 
appeared "thicker". Due to the size of the sections taken, distribution 
of the number of bundles could not be determined. The size of the 
parenchyma cells at the mature stage limited the number of vascular 
strands in any one section to one or two bundles. 
As the vascular bundles were traced through serial sections, a 
greater amount of lateral branching was found in the blotchy tissue. 
Lateral branching occurred also in the normal tissue, but first occurred 
at a point further from the stem end than was found for blotchy tissue. 
Differences also were found in parenchyma cells adjoining the vascular 
bundles. In normal tissue (Figure 9) the cells adjacent to the vascular 
bundles were larger than those in blotchy tissue (Figure 10). Many of the 
parenchyma cells in blotchy tissue had only partially expanded and 
disorganization of the tissue was evident (Figure 10). 
1963 Test 
In 7 days after anthesis, fruit had expanded to approximately 1/4 
inch in diameter. Transverse sections of the entire fruit were mounted 
on glass slides in serial order. This sequential arrangement made 
possible the study of the distribution of the vascular system through 
the entire fruit. From the youngest stage of development studied to 
mature fruit, no cell division was ever observed in the fleshy pericarp 
or the vascular area. Therefore, it was assumed that this increase in 
tomato fruit size is entirely a process of cell enlargement. 
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After 7 days of growth, the parenchyma cells were oriented in a 
radial pattern around the vascular bundles as shown in Figure 11, This 
radial orientation was more pronounced in the progenies of blotchy 
selections. Parenchyma cells adjacent to the bundles had expanded the 
least, and cell size increased with distance from the vascular bundle. 
This occurred around each vascular bundle; therefore, the largest 
parenchyma cells were found midway between the vascular bundles. 
Examination of the vascular tissue in longitudinal sections of both 
primary and lateral bundles revealed only helical secondary wall thickening 
in the xylem (Figure 12), 
Regularity of expansion and organization of the parenchyma cells was 
characteristic of normal tissue from the vascular bundle to the epidermis 
(Figure 13a), However, in the blotchy tissue, (Figure 14a), large broken 
parenchyma cells were present, A portion of the cells in the outer 
pericarp just beneath the epidermis expanded very little (Figure 14a). 
No difference in cell expansion could be detected between normal and 
blotchy progenies at three weeks of development, A comparison of cell 
enlargement in three week old tissue of normal and blotchy selections is 
shown in Figures 13b and 14b, No abnormal development could be dectected 
at three weeks. Therefore, it was assumed that conditions underlying the 
expression of external symptoms of blotchy ripening occurred later than 
three weeks of fruit development. 
Figure 11. Cross section of a tomato fruit 7 days after anthesis 
showing radial orientation of parenchyma cells around 
the vascular bundle. The fruit was from the progeny 
of a blotchy selection (240 X) 
Figure 12. Longitudinal section of a vascular bundle in blotchy 
tissue of a mature-green fruit. The helical thickening 
of the secondary cell walls in the xylem is typical of 
all fruits that were examined (240 X) 
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Figure 13a. Cross section of the 
pericarp of a mature-
green fruit from the 
progeny of a blotch-
free selection. 
Expansion of the 
parenchyma cells was 
uniform toward the 
epidermis of the 
fruit (240 X) 
Figure 13b, Cross section of 
the pericarp of a 
firuit taken 21 
days after 
anthesis. Tissue 
is from the 
progeny of a 
selection showing 
no blotchy tissue 
the previous year 
(240 X) 
Figure 14a. Cross section of the 
pericarp of a 
mature-green fruit 
from the progeny of 
a selection showing 
severe blotchy 
ripening during the 
previous year. The 
parenchyma cells show 
unequal expansion and 
did not develop fully 
near the outer edge 
of the pericarp 
(240 X) 
Figure 14b. Cross section of 
the pericarp of 
a fruit taken 21 
days after anthesis. 
Tissue is from the 
progeny of a 
selection showing 
severe blotchy 
ripening the 
previous year 
(240 X) 
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Distribution of the vascular bundles in progenies of normal and 
severe blotchy ripening plants were compared (Figure 15 and 16). Some 
variation in distribution was found in both selections. However, the 
bundles were distinctly more evenly distributed in the normal ripening 
selections (Figure 15). Figure 16 shows the general distribution found 
in the blotchy selections. Sections of these blotchy selections also 
revealed more lateral branching near the stem end than did those of 
normal selections. 
Figures 17 and 18 show enlargements of the cross sections presented 
in Figures 15 and 16 respectively. It is evident that the tissue of 
fruit derived from normal tissue selections included a large number of 
smaller bundles evenly distributed through the pericarp. Bundles in 
fruit of progenies of blotchy selections were not as well distributed, 
and there seemed to be considerable irregularity in pattern. 
Figure 15, Cross section of the maximum diameter of a fruit taken 7 
days following anthesis. The fruit was from the progeny 
of a selection free from blotchy tissue in the previous 
year. Note the uniform distribution of the vascular bundles 
in the outer wall (36 X) 
Figure 16. Cross section of the maximum diameter of a fruit taken 7 
days following anthesis. The fruit was from the progeny 
of a selection showing severe blotchy ripening in the 
previous year. Note the erratic development of vascular 
tissue in the outer wall (36 X) 
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mm 
Figure 17» Cross section of the pericarp of a fruit 7 days after 
anthesis from the progeny of a blotch-free selection. 
Arrows point to the seven small vascular bundles well 
distributed through the parenchyma tissue (95 X) 
Figure 18. Cross section of the pericarp of a fruit 7 days after 
anthesis from the progeny of a selection showing severe 
blotchy ripening the previous year. Arrows point to 
three large vascular bundles that are sparsely and 
unequally distributed through the parenchyma tissue 
(95 X) 
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DISCUSSION 
Blotchy ripening in tomato is a complex problem. This complexity 
is suggested in the literature by the number of causes that have been 
studied and the variable responses that have been obtained. 
Pathogens, nutrients, light, water relationships, and varietal 
differences have been related to the degree of blotchy ripening. The 
difficulty in defining the exact cause or complex of causes is related 
to the nature of the disorder. The development of red color is one of 
the last changes to occur in the maturation of the fruit. Therefore, 
all of the stress that can result from environmental factors can con­
ceivably contribute to the disorder. The period of time required for 
fruit development makes it difficult to control the environmental 
factors not under investigation. The nature of the tomato plant also 
may contribute to variation. The cymose flowering habit produces fruit 
set within an individual flower cluster over a period of several days. 
Therefore, during the period of fruit development on an individual 
cluster, all fruits on the cluster are at a slightly different stage of 
maturity. When the plant is considered as a whole, the individual 
flower clusters are initiated at different periods of vine growth. The 
individual clusters are, therefore, at different stages of maturity 
throughout the growing season and therefore subject to differential 
environmental "treatments". 
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Fruit growth following fertilization is largely a process of cell 
enlargement. In this study, no cell division in the fleshy tissue was 
observed after anthesis. Considerable physical pressures or stresses 
must develop with the expansion of the small ovary to the fully ripened 
fruit. The radial orientation of the parenchyma cells around the 
vascular bundles (Figure 9) suggests that some force is associated 
between the two tissue systems. 
An imbalance of water during fruit growth is suggested in the 
literature as a cause of blotchy ripening. Seaton and Gray (16) 
hypothesized that withdrawal of water by excessive transpiration 2 to 
5 days before ripening was the primary cause of blotchy ripening. Their 
conclusion was based on the location of affected tissue adjacent to the 
vascular bundles. 
Results obtained by Taylor, Smith, and Fletcher (19), apparently 
contradict the conclusion drawn by Seaton and Gray. In this instance 
the greatest incidence of internal browning was observed under conditions 
of little transpiration stress (high soil moisture plus mist) as compared 
to high stress conditions (low soil moisture and no mist). Their report 
indicated that the breakdown of the parenchyma cells next to the vascular 
bundle may have been due to excess water. 
Results of these histological studies indicate that some of the 
resistance to blotchy ripening may be associated with the development of 
the vascular system. When vascular bundles in single fruits containing 
both normal and blotchy tissues were compared, the vascular bundles in 
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the blotchy tissues were consistently larger than those in the normal 
tissue. The vascular bundles from blotchy areas also showed prominent 
lateral branching. 
This relationship with vascular development was apparent the 
following year in fruit of progenies from selections of normal and 
severe blotchy ripening. Progeny of a normal selection generally bore 
fruit with a larger number of small vascular bundles well distributed 
through the pericarp as shown in Figure 13, Fruit from the progeny of 
a blotchy selection generally showed a fewer number of larger bundles 
as shown in Figure 14, The bundles were not as well distributed in the 
latter material, and prominent lateral branching was associated with the 
larger bundles. 
The variation found in the homozygous parental and populations 
is indicative of the impact of environmental factors on blotchy ripening 
expression. However, even with this variation, the frequency distribution 
curves in Figures 3, 4, and 5, indicate that genetic factors are involved 
in resistance to blotchy ripening. 
The estimate of "broad sense" heritability was 17.09%. The estimate 
of heritability in the narrow sense" was higher, a value of 35.29%, The 
"narrow sense" estimate, subject to considerable upward bias as a result 
of genotypic-environmental interaction, confirms the strong influence of 
environment on blotchy ripening expression. From these estimates, there 
would seem to be sufficient additive variance to warrant selection. It is 
also believed that the heritability estimate would be substantially 
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increased if one of the parents was immune or highly resistant. There 
appeared to be only a one or two gene difference between .Glamour and 
Redtop, and this difference was often masked by environmental changes. 
There was little difference in the means and variances of the progeny 
of selections from the five different shearpress classifications. How­
ever, when the frequency distributions of the two parents in 1963 were 
compared, there was also little difference in the two parents. This lack 
of difference was due to an increase in blotchy tissue in the Glamour 
parent. This increase was also found in the progeny of the self-pollinated 
backcross to Glamour. The means of the progenies of selections from 
separate shearpress classes were nearly the same. However, when data were 
pooled to include the three segregating populations within the lowest 
shearpress class and again within the highest shearpress class, most 
plants from the low group had a lower shearpress value than did those 
from the high group as shown in Figure 8. When the apparently small 
genetic difference separating the two parents is considered, selection 
within the segregating populat. ons may have been reasonably effective. 
The correlation coefficients for blotchy tissue and size were +.20 
and +.15 respectively in 1962 and 1963. The correlation coefficients 
for blotchy tissue and firmness were +.15 and +.12 for the same years. 
Due to these small correlation values, selection for size or firmness 
would have little effect on increasing susceptibility to blotchy ripening. 
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SUMMARY 
The homozygous parental and Fj^  populations showed considerable 
variation for expression of blotchy tissue, ever, even with this 
variation, the 1962 frequency distributions indicated that genetic 
factors are involved in blotchy ripening expression. "Broad sense" 
heritability was estimated to be 17.09%, "Narrow sense" heritability 
was estimated to be 35.29%. The greater estimate for "narrow sense" 
heritability was believed due to upward bias caused by genotypic-
environmental interaction. 
The parental and populations also were variable in the 1963 
progeny test. Small differences in means and variances were found 
between progeny of selections for high and low incidence of blotchy tissue. 
A large difference in expression of blotchy ripening did not exist, how­
ever, between the parents in 1963. This smaller difference between parents 
was due to an increase of blotchy tissue in the Glamour variety. This 
increase was also expressed in progeny of the backcross to the Glamour 
parent. Other populations had means and variances similiar to those in 
1962, When data from the three segregating populations in the progeny 
test were pooled by selections for low blotchy tissue and high blotchy 
tissue, the frequency distribution for the progeny from low selections 
had a mode of 30 while the progeny of blotchy selections had a mode of 
38, Considering the small difference between the parents in 1963, 
selection may have been relatively effective. 
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Correlation coefficients for blotchy tissue and size were +.20 and 
+.15 respectively in 1962-and 1963. The correlation coefficients for 
blotchy tissue and firmness were +.15 and +.12 for the same years. 
Therefore, selection for fruit size or firmness should have little 
effect on increasing susceptibility to blotchy ripening. 
Fruits that contained normal and blotchy tissue were collected from 
Fg plants and examined microscopically in 1962. Examination revealed 
disorganization and breakdown of the parenchyma cells adjacent to the 
vascular bundles in affected areas. The vascular bundles in affected 
areas were generally larger than those in normal areas and displayed 
prominent lateral branching. The lateral branching occurred nearer the 
stem end in the blotchy areas than it did in the normal areas. 
Fruit were examined in 1963 to see if the characteristics found in 
normal and blotchy areas in single fruits would be displayed in fruits 
of progenies from selections for low and high incidence of blotchy 
ripening. Histology was also studied at intervals of 7, 14, and 21 days 
after anthesis and at the mature-green stage of development. 
No cell division was observed in the pericarp at any stage of 
growth. At 7 days after anthesis, the parenchyma cells showed radial 
orientation around the vascular bundles, indicating stress between the 
two tissue systems. This radial orientation was more pronounced in 
progeny of the high blotchy selections. 
Differences in size and distribution of the vascular bundles was 
found. In general, fruits from progenies of selections low in blotchy 
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tissue had a larger number of vascular bundles that were small but well 
distributed through the pericarp. Fruits from progenies of selections 
for severe blotchy ripening had a fewer number of vascular bundles that 
were large and erratic in distribution. 
No differences in expansion of the parenchyma cells could be 
detected at 3 weeks after anthesis. However, at the mature-green stage, 
the parenchyma cells in the progeny of low blotchy selections were well 
expanded just under the epidermis. The parenchyma cells in the progeny 
of blotchy selections had not expanded completely in an area adjacent to 
the epidermis. 
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